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START^R^GEI^^ FOR AN INTERNAL COMBUSTION ENGINE 

AND METHOD TOR~'PR^DUCIN^ 

The invention relates to a starter generator for 
an internal combustion engine and to a method for 
producing it, as defined by the characteristics recited 
in claims 1 and 9 . 


Prior Art 


From the prior art, starting systems for internal 
combustion engines are known that as a rule comprise a 
10 battery-operated DC motor (starter generator) as well as 

switch gear and control units. For starting the engine, 
a torque is transmitted by the starter generator. Otto 
engines in general require rotary speeds of 60-100 rpm, 
J- and diesel engines require rotary speeds of 

approximately 80-2 0 0 rpm. In the course of progressive 
r"'; reductions in weight and installation space as well as 

improvements to the starting power, numerous 
=j.i modifications of the starter system have been developed. 

For instance, in so-called layshaft starters, by means 
?P of one additional gear stage, a total step-up of an 

armature torque generated by the starter generator can 
be increased. However, the need still exists to reduce 
weight and installation space, improve cooling power or 
recycling capability, and reduce the number of 
25 structural elements. Advantageous modifications of the 

starter generator are therefore desired. 


Advantages of the Invention 


According to the invention, with the aid of the 
starter generator and the method for producing it having 
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the characteristics recited in independent claims 1 and 
9, an especially simple, economical production method on 
the one hand and a starter generator of reduced weight 
and installation space that is especially easy to adapt 
to customer requirements on the other can be made 
available. The starter generator has a rotor and a 
stator, whose structural elements substantially comprise 
stacked, joined- together metal sheets. 

According to the method, the metal sheets that 
form the stator and the rotor are connected to one 
another by joining. The joining can be done by punch 
packing, welding, adhesive bonding or riveting. The 
individual metal sheets are pretreated and stacked on 
one another in such a way that the essential structural 
elements of the two components are at least maximally 
preshaped . 

Preferably, the structural elements of the rotor, 
individually or combined, include a hub, a bearing seat, 
and a sensor ring for detecting rpm and/or the direction 
of rotation. If in addition short-circuit bars and/or 
short- circuit rings are created on the rotor, this can 
preferably be done by aluminum casting or copper 
casting . 

With a suitable geometry of the metal sheets that 
form a stator after being joined, in particular such 
structural elements as a pin bore, a bore pattern and a 
cooling system can be created directly. In a preferred 
variant, part of the cooling system is formed by 
recesses on the outer edge of the stator. The recesses 
then serve in an ensuing production step to receive 
cooling tubes. In a preferred feature of such a cooling 


system, the cooling tubes have knurling on their tube 
surface, which increases a retention force on a base 
body of the stator. For permanent fixation to the 
stator, the cooling tubes can also be press-fitted in 
5 it, or can initially merely be placed in the recess of 

the stator and then widened by means of a mandrel. 

Alternatively or in a combination for this 
purpose, the cooling system can be accommodated in the 
interior of the stator (internal cooling) , or the jacket 

10 faces of the cooling system are formed by an external 

edge of the stator and a gear bell that receives the 
stator (external cooling) . For sealing off the cooling 

([. system, a sealing means, such as an electroplated 

coating, a heat-resistant and coolant-resistant paint, 

l| or a synthetic resin can be applied in the region of the 

jacket faces of the cooling system. 

-:i Further preferred features of the invention will 

become apparent from the other characteristics recited 
l^i ■ in the dependent claims. 

2\0 Drawings 

The invention will be described in further detail 
below in terms of exemplary embodiments in conjunction 
with the associated drawings. Shown are: 

Fig. 1, one version of a starter generator in the 
2 5 form of an asynchronous machine, in a fragmentary 

perspective view; 

Fig, 2, two fragmentary perspective views of a 
stator with a cooling system; 
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Fig. 3, two fragmentary perspective views of a 

rotor; 


Fig. 4, a schematic sectional view of one region 
of a stator with internal cooling; and 

Fig. 5, a schematic sectional view of one region 
of a stator with external cooling. 

Description of the Exemplary Embodiment 

Fig. 1 shows a starter generator 10 as it is 
mounted in the drive train between a crank shaft of an 
internal combustion engine and a downstream gear. This 
kind of crank shaft starter generator 10 can be designed 
as an asynchronous machine and typically comprises a 
stator 12 and a rotor 14 supported so as to be movable 
relative to it. 

In Fig. 2, two fragmentary perspective views of 
the rotor 14 are shown. A base body 15 of the rotor 14 
is produced by joining different metal sheets, for 
instance by means of punch packing technology. The base 
body 15 already contains all the essential structural 
elements of the rotor 14. Thus its geometry is defined 
in such a way that a bearing seat 16 forms on the inside 
diameter of the metal sheets of the rotor. The base 
body 15, on an inside, also has a radially inward- 
oriented set of teeth 17, which by way of example can be 
a starting point for detection of rpm and/or the 
direction of rotation using a sensor ring. On an 
outside of the base body 15, a further set of teeth 19 
is created by means of a suitable embodiment of the 
metal sheets that form the base body 15. Short-circuit 
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elements, such as a short-circuit ring 18 and short- 
circuit bars 20, can be cast integrally onto this set of 
teeth 19 or so as to mesh with it. Recourse may be had 
to a copper or aluminum casting technique known per see- 
the first method makes a more favorable electrical 
efficiency possible. These methods can be performed 
directly on the base body 15. 

The stator 12, shown in two different perspective 
views in Fig. 3, is likewise produced by stacking and 
joining different metal sheets. Once again, essential 
components of the stator 12 can be formed in one 
production process in this way. To that end, a base 
body 22 of the stator 12 already has a bore pattern 
required for receiving the rotor 14 by the time the 
individual metal sheets have been joined together. 
Furthermore, pin bores 24 and recesses 2 6 for receiving 
a cooling tube 28 (cooling system 27) can also be 
present. A heat transfer from the stator base body 22 
to the cooling tube 2 8 can be improved by such 
provisions as knurling of the tube surface, press- 
fitting of the cooling tube 28 into the stator packet, 
or placing the cooling tube 28 in the stator packet and 
then widening it with a mandrel. Overall, local 
conditions can be taken into proper account quite 
flexibly in this way. 

In Figs. 4 and 5, two further alternative cooling 
systems 27 for the stator 12 are shown, each in a 
schematic quarter- sect ional view. Internal cooling 
(Fig. 4) can be realized by providing that the base body 
22 is welded in the axial direction to two equal-sized 
metal end plates 29. An outer jacket face of the 
cooling system 2 7 is formed via a tubular segment 32 


welded to the metal end plates 29. To assure tightness 
of the cooling system 27 with regard to a coolant liquid 
flowing through it in operation, a sealing means 36 is 
applied in the region of the jacket faces 34. The • 
sealing means 36 may be an electroplated coating, a 
heat- resistant and coolant -resistant paint, or 
synthetic resin. Overall, by this kind of integrated 
cooling, a structural volume and weight of the stator 12 
can be reduced. Furthermore, its recycling capability 
is enhanced by the illustrated limitation in the number 
of materials used, and cooling can be done with an 
especially favorable heat transfer. 

Instead of the tubular segment 32, it is also 
possible, in a further alternative version of the stator 
12, to use a wall 38 of a gear bell that receives the 
stator 12. If such an embodiment meets local 
requirements of the starter generator 10, a further 
weight reduction can then be attained in this way. 
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